The facile synthesis of stable enynyl-and dienyl(aryl)iodonium salts is achieved from terminal enynes. An X-ray crystal structure of an example of the latter is presented. These compounds are shown to be useful in a range of transformations.
Figure 1. Known and unknown iodonium salts.
With the goal of increasing the range of iodonium salts available to synthetic chemists, we decided to target the preparation of unknown 1,3-dienyl(aryl)iodonium salts 6. It was envisaged that these  3 -iodanes would be useful reagents and would exhibit similar reactivities to 2. In order to achieve this goal, we decided to first prepare the enynyl(aryl)iodonium salts 5 and convert them to the 1,3-dienyl(aryl)iodonium salts 6 by addition of a nucleophile. Just one example of an enynyl(aryl)iodonium salt 5 has been reported in the literature, by Stang and co-workers, however they stated that it was unstable. 7 Zhdankin reported one example of a related cyclic enynylbenziodoxole and did not mention any stability issues. 8 Initially, we decided to prepare the enynyl(aryl)iodonium salts 5 by utilizing the Stang reagent 7a as this is considered to be the mildest and most general method and was shown to be successful before in one case (vide supra). Enynyl stannane 8 was prepared from the terminal enyne by deprotonation with butyl lithium followed by tin-lithium exchange (Scheme 1). 9 Then, stannane 8 was treated with 7a and the enynyl(phenyl)iodonium triflate 5a was isolated as a solid from the reaction mixture however it decomposed within minutes at room temperature or at -20 o C. Therefore, we decided not to isolate it but to convert it directly into 1,3-dienyl(phenyl)iodonium triflate 6a by addition of phenylsulfinic acid as this is known to be an extremely good nucleophile for similar substrates. 1g In the event this was successful however a low yield (<40% from 8) of impure 6a was obtained. In theory, nucleophiles can add at two sites, i.e. the alkyne or the alkene, but only the product resulting from addition to the alkyne was observed.
Scheme 1.
First attempt at iodonium salt formation.
We have previously reported that varying the aryl group bound to the  3 -iodane center has a profound impact on stability and affects the yields of subsequent reactions. 10 Therefore, we decided to prepare modified Stang reagents 7b and 7c starting from 2-iodoanisole and 5-iodom-xylene respectively (Scheme 2). In the former case, the  3 -iodane 7b was unstable and decomposed before it could be isolated. In the latter case, an impure sample of the  3 -iodane was isolated. We did not attempt to purify it because of concerns of stability and safety but used it in excess straight away. Subsequent work published by Studer demonstrates that electron-withdrawing substituents on the aromatic ring lead to a more stable  3 -iodane.
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Scheme 2. Attempted synthesis of modified Stang reagents.
Impure  3 -iodane 7c was combined in excess with stannane 8 and enynyl(xylyl)iodonium triflate 5b was generated however it was unstable like 5a. However, immediate conversion to the 1,3-dienyl(xylyl)iodonium triflate 6b by addition of phenylsulfinic acid was successful providing it in 79% yield from 8 (Scheme 3). Crystals suitable for X-ray crystallography were grown and analyzed. 12 Interestingly, the two alkenes are not conjugated in the solid state as they sit at approximately 72 o to each other.
Scheme 3.
Successful preparation of 1,3-dienyl(xylyl)iodonium triflate 6b. X-ray crystal structure of 6b with hydrogen atoms omitted for clarity.
Subsequent attempts to prepare  3 -iodane 7c proved that its formation was very capricious and the low purities obtained were also problematic. Therefore, we decided to investigate an alternative approach to the preparation of the enynyl(aryl)iodonium salts. We have recently observed that alkynyl(phenyl)iodonium trifluoroacetates, introduced by Carroll and coworkers, 13 are particularly easy to prepare and have relatively high stability compared to salts with other counterions. 4a Presumably, the trifluoroacetate is more closely associated with the iodine(III) centre compared to other less nucleophilic counterions, such as triflate and tetrafluoroborate, and protects it from decomposition and/or attack by errant nucleophiles.
This procedure has the added advantage that the stannane does not need to be prepared as the terminal alkyne can be used directly.
Accordingly, treatment of (diacetoxyiodo)benzene with TFA followed by addition of terminal alkyne 9 provided 5c in 98% yield (Scheme 4). Remarkably, this trifluoroacetate salt 5c was perfectly stable at room temperature for several days. Subsequent conversion to the 5 diene 6c by addition of phenyl sulfinic acid proceeded cleanly. At this point we also switched the counterion from triflate to tetrafluoroborate to preclude any further issues with triflate.
Scheme 4.
New route to stable iodonium salts.
Preparation of the stable cyclohexyl analog 5d proceeded with 99% yield and its conversion into the three 1,3-dienyl(phenyl)iodonium trifluoroacetates 6d-f was achieved in high yields upon addition of different aryl sulfinic acids (Scheme 5).
Scheme 5.
General synthetic route to iodonium salts.
Next, we attempted to prepare iodonium salts from a range of enynes to investigate the reactivity and structural peculiarities. It is well known that the properties of alkynyliodonium salts varies dramatically depending on the substituent on the alkyne: for example, the direct formation of iodonium salts from terminal alkynes is successful for arylacetylenes but not alkylacetylenes. Therefore, the formation and reactivity of alkenylalkynyliodonium salts cannot be taken for granted.
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We attempted to prepare dienyliodonium tetrafluoroborates from a range of enynes following our strategy. We targeted formation of the dienes 6 so took the crude enynyliodonium trifluoroacetates 5 straight through by addition of phenylsulfinic acid (Scheme 6). The two alkyl products 6g and 6h were formed as expected, however the presence of a free pendent alcohol shut the reaction down and 6i was not isolated. Protecting the alcohol as an ester permitted the reaction to proceed and 6j was isolated in 69% yield directly from the alkyne. Preparation of phenyl analog 6k was unsuccessful as the initial formation of the enynyliodonium trifluoroacetate did not occur.
Scheme 6. Telescoped synthesis of dienes.
To illustrate the synthetic potential of these 1,3-dienyl(phenyl)iodonium tetrafluoroborates 6, a range of transformations was attempted (Scheme 7). Alkylation of the enolate derived from 1,3-dicarbonyl compound 10 provided 11 in good yield without any transition metal salt being required. 14 Treatment of 6c with 2 M HCl in DMSO provided facile access to chloride
12.
15 Addition of sodium phenylsulfinate led to complete conversion to bis-sulfone 13.
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Scheme 7. Synthetic utility of dienyliodonium salt 6c.
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In addition, solvolysis of iodonium salt 6d with aqueous DMSO led to aldehyde formation which was reduced to alcohol 14 (Scheme 8). 15 Finally, reduction of 6g to diene 15 was achieved with sodium borohydride in moderate yield. 17 The remainder of the mass balance in this case consisted of over-reduction products due to the activating nature of the sulfone. We did not attempt to optimize this process. Bäckvall has demonstrated the synthetic utility of several 2-(phenylsulfonyl)-1,3-dienes in Diels-Alder reactions and as electrophiles with a variety of nucleophiles.
18
Scheme 8. Further synthetic applications of dienyliodonium salts.
In conclusion, the straightforward preparation of stable enynyl-and dienyliodonium salts has been achieved from terminal alkynes. It was found that the trifluoroacetate counterion is crucial to the formation of stable enynyliodonium salts. These  3 -iodanes have been shown to be useful in a range of processes demonstrating their synthetic attractiveness. We envisage that these new iodonium salts will find applications in synthesis. 
(Z)-(2-(Cyclohex-1-en-1-yl)-2-tosylvinyl)(phenyl)iodonium tetrafluoroborate (6e).
Yield 
(Z)-(2-(Cyclohex-1-en-1-yl)-2((4(trifluoromethyl)phenyl)sulfonyl)vinyl)(phenyl)-iodonium tetrafluoroborate (6f

General Procedure for the Conversion of Enynes into 1,3-Dienyl(phenyl)iodononium
Tetrafluoroborates 6. To a stirred solution of (diacetoxyiodo)benzene (0.70 g, 2. 
2-(Cyclohexylmethyl)-1-(phenylsulfonyl)allyl)(phenyl)iodonium tetrafluoroborate (6h).
Yield: 84% (1. shaken. This was extracted with ethyl acetate (2 x 10 mL) and washed with water (5 mL).
The organic layer was dried over magnesium sulfate, filtered and concentrated under vacuum. ((3-Methylenenon-1-en-2-yl)sulfonyl)benzene (15). To a stirred solution of (2-methylene-1-(phenylsulfonyl)octyl)(phenyl)iodonium tetrafluoroborate (70 mg, 0.12 mmol, 1 equiv) in methanol (5 mL) at room temperature was added sodium borohydride (0.09 g, 0.24 mmol, 2 equiv) portionwise. The mixture was heated to reflux for 1 h then cooled to room temperature. Water (3 mL) was added and the mixture was stirred for 10 min. This was extracted with CH2Cl2 (3 x 5 mL) and the organic layer was dried over anhydrous magnesium 
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